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CHAPTER 1. GENERAL INTRODUCTION 
 
When European settlers began colonizing North America nearly four hundred years 
ago, they were met with an abundance of natural resources that were used to build houses 
and cities, grow crops, and provide food and clothing to a growing population.  In the 
Midwest, the most valued resource lay beneath the great expanse of native grasslands: a deep 
layer of fertile soil.  In Iowa, approximately 78% of land once dominated by tallgrass prairie, 
wetlands, and forested areas was rapidly transformed into cropland and pasture for livestock 
grazing (Gallant et al. 2011).  Taking advantage of the abundant and rich soils in Iowa has 
been crucial to the prosperity of the United States, but it has had some undesirable 
consequences.  Such costs of agriculture are readily apparent in aquatic systems throughout 
the state.  Practices associated with row crop agriculture and livestock grazing have 
negatively impacted water quality, riparian and instream habitat conditions, and altered flow 
regimes in Iowa (Bulkley 1975; Menzel 1983; Skaggs 1994).  In turn, physical changes in 
aquatic systems can impact the many species that live in or near streams, rivers, and lakes.  
However, not all species respond to changes in their environment in a similar way.  A change 
that has little effect on one species may cause the decline of another.  Thus, the fundamental 
biology and life history of imperiled species must be understood if the goal is to prevent their 
continued decline. 
 This research focused on Topeka shiner, a federally endangered prairie stream fish 
that has declined throughout its historic range in the Midwest.  In Iowa, historic records 
indicate Topeka shiners were once widely distributed, but are now restricted to only a few 
streams in central and northwest part of the state (IAGFA 2005).  One of our goals was to 
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determine the current distribution of Topeka shiners in Iowa and if that distribution has 
changed since they were last investigated (Clark 2000).  A second goal was to identify 
abiotic and biotic factors associated with Topeka shiner occurrence.  Both of the objectives 
of this study will provide valuable information to assist managers with the recovery and 
conservation of this imperiled fish. 
 
Thesis Organization 
This thesis contains two additional chapters.  The second chapter is a manuscript that will be 
submitted for publication in the North American Journal of Fisheries Management.  This 
manuscript provides an abstract, introduction, methods, results, discussion, 
acknowledgement, and references section.  All tables and figures are included at the end of 
the text.  The third chapter provides a general conclusion and synthesis.  Appendices provide 
further information and analyses. 
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CHAPTER 2.  STATUS, DISTRIBUTION, AND HABITAT ASSOCIATIONS OF 
TOPEKA SHINERS IN WEST-CENTRAL IOWA 
 
A manuscript to be submitted for publication in the North American Journal of Fisheries 
Management. 
 
Bryan D. Bakevich1,2, Clay L. Pierce3, Michael C. Quist4 
 
Abstract 
The distribution of Topeka shiner Notropis topeka has declined across its historic 
range and was listed as endangered under the Endangered Species Act in 1998.  In Iowa, the 
habitat associations of this imperiled fish are not well understood.  Our goals were to 
understand the current distribution and identify abiotic and biotic factors associated with the 
occurrence of Topeka shiners in stream and off-channel habitats of west-central Iowa.  Fish 
assemblages and habitat characteristics were sampled in 67 stream and 27 off-channel sites 
during 2010 – 2011.  Topeka shiners were found in 52% off-channel sites, but only 9% of 
stream sites, supporting the hypothesis that off-channel habitats are an important component 
of their life history.  When compared to prior distributions, our results indicated a recent 
reduction in the distribution of Topeka shiners in Iowa.  Fish assemblages in stream sites 
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differed significantly from off-channel sites and had higher species richness.  Fish 
assemblages containing Topeka shiner were different from those that did not contain Topeka 
shiner in off-channel sites, but not in stream sites.  Results from logistic models suggested 
that Topeka shiner presence was associated with increased submerged vegetation and 
abundance of fathead minnow Pimephales promelas.  Contrary to the findings of other 
studies, the abundance of large piscivorous fishes was not associated with the occurrence of 
Topeka shiner.  Our results provide new information about the biology and life history of 
Topeka shiners in west-central Iowa that will guide restoration and other recovery efforts.  
 
Introduction 
 
Biodiversity in freshwater systems is in decline throughout the world (Dudgeon et al. 
2006).  Human-induced changes in biotic (e.g., species invasions, overgrazing) and abiotic 
conditions (e.g., flow modification, water pollution) are the primary causes of species 
declines in lotic systems (Allan and Flecker 1993).  Declining populations of fishes in North 
America have led to the listing of 149 fishes as threatened or endangered under the 
Endangered Species Act (USFWS 2012).  Most threatened and endangered fish are non-
game species that, prior to federal listing, received little attention.  As such, our 
understanding of the biology and ecology of many imperiled fishes is insufficient.  
Information on the habitat requirements, symbioses, and physiological tolerances of these 
imperiled species is needed to develop science-based recovery plans that will aid in their 
conservation and guide restoration.   
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The landscape in the United States experienced drastic change since the arrival of 
European settlers, but few areas were impacted so strongly by agriculture than the land in 
Iowa.  In the mid 1800s, the landscape of Iowa was primarily covered with tallgrass prairie, 
forests, and wetlands.  By 2001, approximately 78% of Iowa’s land had been converted to 
cropland or pasture (Gallant et al. 2011).  Agricultural practices have changed the physical, 
chemical, and hydrological characteristics of streams in Iowa (Bishop 1981; Menzel et al. 
1984; Shilling and Hemlers 2008).  Such changes in stream habitats can have a negative 
influence on fish and other aquatic species (Roth et al. 1996; Wang et al. 1997; Poff and 
Zimmerman 2010; Rowe et al. 2009).  In Iowa, 68 native fish species are listed as species of 
greatest conservation need due to the loss or degradation of aquatic habitats (Zohrer 2005), 
and a recent study suggests that some of those species are declining (Sindt et al. 2012). 
The Topeka shiner Notropis topeka is a small minnow native to streams of Iowa, 
Kansas, Minnesota, Missouri, Nebraska, and South Dakota (Lee et al. 1980).  When surveys 
indicated an approximately 80% reduction of its historic distribution, it was listed as 
endangered under the Endangered Species Act in 1998 (Tabor 1998).  Decline of Topeka 
shiners in Iowa has been attributed to hydrologic changes, agricultural impacts on water 
quality, and increased predation (Tabor 1998), but the specific factors associated with 
Topeka shiner occurrence are poorly understood.  One recent study investigated how 
landscape-scale factors (e.g., land cover type, stream slope) affected Topeka shiner 
occurrence (Menzel and Clark 2002), yet the habitat associations of many fishes can occur at 
a finer scale (Pont et al. 2005).  If fact, Wall and Berry (2006) found that Topeka shiners 
occurrence in South Dakota was associated with factors at multiple scales.  Investigating 
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reach-scale habitat associations will provide novel information about Topeka shiner in Iowa, 
but further study of landscape-scale factors may also be beneficial. 
The importance of understanding factors associated with Topeka shiner ecology has 
been highlighted as scientists have made major discoveries regarding their habitat use.  
Recently, Topeka shiners have been documented in off-channel habitats such as oxbows and 
livestock watering ponds (Menzel and Clark 2002; Thomson and Berry 2009); however, the 
role these habitats play in the life history of Topeka shiners is unknown.  If off-channel 
habitats represent a significant portion of their total habitat use, efforts to recover Topeka 
shiner may need to be directed toward these habitats.  Traditionally, stream restoration has 
focused on improving habitat within the stream channel and reducing nutrient or other inputs 
from the landscape.  These actions can be beneficial to a suite of native fishes, but may not 
improve habitat for Topeka shiners if they are primarily using off-channel habitats.  
Recognizing this, the U.S. Fish and Wildlife Service (USFWS) has restored over 25 off-
channel habitats in Iowa in hopes of creating suitable habitat for Topeka shiners (USFWS 
2009).  During restoration, accumulated sediment is removed to increase depth and reconnect 
the off-channel habitat to groundwater sources.  Connections to the stream are also dug from 
the off-channel habitat to facilitate fish movement between the two habitats.  Since the 
relationship that Topeka shiners have with off-channel habitats in not well understood, there 
is little information to guide further restoration efforts. 
Recovery efforts, such as critical habitat designation and habitat restoration, can only 
be effective if the distribution and habitat associations of Topeka shiners in west-central Iowa 
are understood.  The goal of our study was to determine factors associated with the 
occurrence of Topeka shiners in west-central Iowa.  Since Topeka shiners inhabit streams 
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that are not often sampled, this research will also provide information about the current 
distribution of Topeka shiners in west-central Iowa.  
 
Methods 
Study area 
The study area was confined to the North Raccoon, Boone, upper Des Moines, and 
upper Iowa river basins located in the Des Moines Lobe (Griffith et al. 1994) landform of 
central Iowa (Figure 1).  This landscape is characterized by gently rolling terrain and is 
dominated by row crop agriculture.  Although Topeka shiners have historically occurred in 
all of these watersheds (IAGFA 2005), recent surveys indicate that significant populations 
only remain in the North Raccoon and Boone river watersheds (Clark 2000).  These two 
watersheds contain the only known populations of Topeka shiner in Iowa that are within the 
Mississippi River catchment.  Populations in west-central Iowa were chosen because they 
may have a unique evolutionary history compared to populations that exist in different 
landforms, climates, hydrological regimes, and across a wide spectrum of biotic 
communities.   
 
Study sites 
Based on our current knowledge of Topeka shiner habitat use, we chose to sample 
stream and off-channel sites.  Stream sites were typical of those on the Des Moines Lobe 
with low gradients and riparian areas of grasses, row crops, or pasture.  Many streams were 
channelized and had low habitat complexity.  Off-channel sites were pond-like water bodies 
within the stream floodplain that remained disconnected from the stream channel during 
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normal flow conditions.  Off-channel habitats were characterized by silt substrate, aquatic 
macrophytes, and moderate turbidity.  Several off-channel sites were used to store water for 
livestock resulting in trampled areas within and around the site.  Many of the sites were 
natural oxbows, but several restored oxbows occurred in the study area.  Restored oxbows 
had been dredged to create deeper, more permanent off-channel habitats that could frequently 
connect with the main stream channel.  Restoration often increases groundwater inflow by 
removing sediment and exposing coarse substrates from the former stream bed.  Since the 
two site types differed physically, they were sampled using slightly different protocols. 
Because Topeka shiners are rare in Iowa, sample sites that had an increased 
likelihood of Topeka shiner occurrence were chosen for this study.  We used three criteria to 
select sample sites.  First, we selected sites where Topeka shiners were predicted to occur 
based on two occurrence models.  One model was developed by Menzel and Clark (2002) 
and the other was the Iowa Aquatic GAP model (Loan-Wilsey et al. 2005).  Both models 
used landscape-scale variables (e.g., land cover type, stream gradient) to predict Topeka 
shiner occurrence.  Second, we selected sites where Topeka shiners have been previously 
documented (IAGFA 2005).  Third, we selected off-channel sites that could be identified 
from aerial photographs taken during 2009 and 2010 since these habitats were rare 
throughout our study area. 
 
Sampling 
Stream sites were sampled following standard Iowa DNR protocols (IDNR 2001), but 
with some modifications to increase the likelihood of Topeka shiner detection.  Each stream 
site was at least 100 meters in length and was divided into macrohabitat units defined as a 
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run, riffle, or pool (Bisson et al. 1982).  The end of the reach was determined by the end of 
the last macrohabitat unit that exceeded the 100 meter minimum reach length.  We used two 
gear types to sample fishes.  First, the site was sampled by upstream single-pass pulsed-DC 
electrofishing.  For small streams, a battery-powered backpack LR-20 electrofishing unit 
(Smith Root Inc., Vancouver, WA USA) was used.  For larger streams, a generator-powered, 
barge mounted VVP-15B electrofishing unit (Smith-Root Inc., Vancouver, WA, USA) was 
used.  After the site was sampled with electrofishing, it was then sampled with bag seines 
(6.0 Ø 1.5m, 6-mm mesh).  Since we were interested in sampling the entire fish assemblage, 
using both methods likely ensured a more accurate account of the species present (Onorato et 
al. 1998).  A high level of effort also increased the likelihood of detecting Topeka shiners if 
they were present at a given site.  All fish were identified to species, enumerated, and 
released.  Total length (mm) of all piscivores (e.g., largemouth bass Micropterus salmoides, 
channel catfish Ictalurus punctatus) was recorded prior to their release. 
Off-channel sites were considered to be a single macrohabitat unit and were sampled 
using bag seines (6.0 Ø 1.5m, 6-mm mesh).  Standard sampling protocols are not available for 
these habitats, but our methods were similar to those of other studies of fish in small off-
channel habitats (e.g., Thomson and Berry 2009).  Because electrofishing requires sufficient 
water clarity to see stunned fish, electrofishing would not have been an effective sampling 
method for these silty, shallow, and often turbid habitats.  The act of wading in off-channel 
habitats caused more sediment to be suspended, further limiting the effectiveness of 
electrofishing.  Bag seines, on the other hand, were well suited for sampling off-channel 
sites.  Sites were often physically homogenous (e.g., free of snags, undercut banks) and 
shallow enough for seines to thoroughly sample the wetted area of the site.  All fish were 
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identified to species and released.  Total length of all piscivores was recorded prior to their 
release.   
For all sampling (i.e., stream and off-channel sites), catch per unit effort (CPUE) for 
each species was calculated as the number of individuals per 100 m2.  Composite variables 
were created by summing the relative abundance of two or more fishes.  For example, 
Sunfish CPUE was equal to the sum of CPUEs for green sunfish Lepomis cyanellus and 
orangespotted sunfish Lepomis humilis.  Piscivore CPUE was equal to the sum of CPUEs for 
largemouth bass, smallmouth bass Micropterus dolomieu, northern pike Esox Lucius, channel 
catfish, and flathead catfish Pylodictis olivaris.  Only piscivores with total lengths large 
enough to feed primarily on fish (Mittelbach and Persson 1998) were included in this group. 
 Habitat characteristics were sampled separately within each macrohabitat.  Wetted 
width of each macrohabitat unit was measured at 25%, 50%, and 75% of the macrohabitat 
length (Bisson et al. 1982).  Transects perpendicular to the thalweg were established at 25%, 
50%, and 75% of the macrohabitat length.  Water depth, substrate type, stream velocity, 
canopy cover, and bank characteristics at 20%, 40%, 50%, 60%, and 80% of the stream 
width were measured at each transect.  Substrate was classified as boulder (>256 mm), 
cobble (64-256 mm), coarse gravel (16-64 mm), gravel (2-16 mm), sand (0.062-0.2 mm), silt 
(0.039-0.062), clay (<0.0390 mm), bedrock, hardpan, detritus, wood, soil, vegetation (e.g., 
submerged grass), or artificial.  Average stream velocity was measured at 60% of water depth 
with a Marsh McBirney Flo-Mate Portable Velocity Meter (Model 2000; Marsh-McBirney 
Inc., Frederick, MD, USA).  Canopy cover was measured with a spherical densiometer facing 
each bank, and upstream and downstream from the center of each transect.  Bank 
characteristics (e.g., percent woody vegetation, non-woody vegetation, eroding, rip-rap, 
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roots, bare ground) were visually estimated for both streambanks. All units of stream cover 
were classified (e.g., woody debris, macrophyte, terrestrial vegetation, small brush, 
overhanging vegetation, undercut bank, rip-rap, artificial structure) and measured by taking 
one length, three width, and three depth measurements.  Average width, depth, and velocity 
were calculated for each macrohabitat.  Average percent canopy cover and average percent of 
bank characteristic types were also calculated for each macrohabitat.  The coefficient of 
variation for each characteristic was calculated as 100 times the standard deviation divided 
by the mean for each habitat variable.  All averaged values were then weighted by the 
proportion of the total site area represented by each macrohabitat type.  The percent of each 
stream cover type at a site was calculated by dividing the area of the cover unit by the wetted 
area of the entire site. 
 
Model validation 
If a species occurrence model performs well, it can identify areas suitable for 
conservation (Williams and Araujo 2000), restoration (Wenger et al. 2009), or reintroduction 
(Evans and Oliver 1995).   Menzel and Clark (2002) developed an occurrence model for 
Topeka shiners in west-central Iowa to aid in their recovery.  The Menzel and Clark model 
(MCM) used landscape-scale variables (e.g., adjacent land cover, soil type) to predict the 
presence or absence of Topeka shiner in central Iowa streams.  As is the case with many 
other occurrence models (Manel et al. 2001), the MCM has not been validated.  
Traditionally, model performance is often evaluated using the same data used to build the 
model.  However, this method usually overestimates correct classification rate (Efron 1986).  
12
Therefore, the best method for testing model performance is using an independent data set.  
Our study provided 94 independent sites that were used to test the MCM. 
We used several methods to evaluate the predictive power of the MCM.  The 
principal statistic used to measure model performance was Cohen’s kappa (κ) which 
compares the correct classification of observations to those expected by random chance 
(Cohen 1960).  Values between 0.0 and 0.4 signify “slight to fair” model performance, values 
between 0.4 and 0.6 “moderate” performance, values between 0.6 and 0.8 “substantial” 
performance, and values between 0.8 and 1.0 indicate near “perfect” performance (Landis 
and Koch 1977).  We created a confusion matrix to determine if observed data were in 
agreement with model predictions (Fielding and Bell 1997).  Each site was classified as a 
true presence, false presence, true absence, or false absence.  This information was then used 
to calculate the percentage of sites correctly classified (PCC), model sensitivity (percent of 
presences correctly classified), and specificity (percent of absences correctly classified). 
 
Data analysis 
 Changes in the distribution of a species can help determine whether a population is 
declining, stable, or increasing and can then be used to prioritize conservation efforts (Moyle 
and Nichols 1974; Piller et al. 2004; Sindt et al. 2012).  For example, areas of decline could 
be potential restoration sites while areas of stable or increasing distributions could be 
identified for protection.  To determine the status of Topeka shiner in central Iowa, we 
compared its current distribution to its prior distribution.  We chose to compare our 
distribution data to those collected by Menzel and Clark (2002) during 1997 to 2000 because 
it was the most recent survey targeting Topeka shiners in Iowa.  Topeka shiner status for all 
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HUC 10 watersheds within its historic range was classified as increasing, stable, at risk, or 
possibly extirpated.  If the watershed was not occupied by Topeka shiners during 1997 to 
2000, but detected during 2010 to 2011, it was considered increasing.  If the watershed was 
occupied by Topeka shiners during 1997 to 2000 and during 2010 to 2011, it was considered 
stable.  If it was occupied by Topeka shiners from 1997 to 2000, but not detected from 2010 
to 2011, it was considered to be at risk.  Lastly, if the watershed was within the historic 
distribution of Topeka shiners but they were not detected from 1997–2011, it was determined 
that Topeka shiners were likely extirpated. 
 We used two approaches to better understand the abiotic and biotic factors associated 
with the occurrence of Topeka shiners in our study area.  First, we examined fish assemblage 
data from each site to evaluate the association of Topeka shiners with other members of the 
fish assemblage.  We then developed multiple logistic regression models to identify reach-
scale factors associated with Topeka shiner occurrence.  Each method of analysis was applied 
to all sites and to stream and off-channel sites separately, thereby allowing us to identify 
important factors associated with Topeka shiners overall, as well as those that may only exist 
in stream or off-channel habitats. 
Nonmetric multi-dimensional scaling (NMDS) ordination was used to visualize the 
different fish assemblages in all sites and those of stream and off-channel sites.  Ordinations 
were created from distance matrices based on the relative abundance (number of individuals 
per 100 m2) of fishes using the Bray-Curtis distance measure with standardization for site 
total (Faith et al. 1987).  Significant habitat variables (i.e., mean depth, canopy cover) were 
fit onto ordinations as vectors using the ENVFIT function in the vegan library (Oksanen et al. 
2011) for Program R. Vectors were added to ordination if its r2 value was greater than the 
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95th percentile of 1,000 randomly permuted correlations.  We tested for differences in fish 
assemblages by using an analysis of variance using distance matrices (ADONIS) in the vegan 
package of Program R (R Development Core Team 2011).   
Logistic regression is a common technique used to identify factors associated with 
occurrence of fishes (Harig and Fausch 2002; Rich et al. 2003; Quist et al. 2005; Fischer and 
Paukert 2008).  We used an information theoretic approach to select a set of candidate 
models that best explained the occurrence of Topeka shiners (Burnham and Anderson 2002).  
These a priori candidate models were generated using factors known to be of biological 
importance to Topeka shiners.  The number of variables included in each candidate model 
was limited to 10% of the sample size to prevent overfitting.  The most parsimonious 
candidate models were included in the confidence model sets.  Sets of the best performing 
models were evaluated using Akaike’s information criterion corrected for small sample size 
(AICc).  The AICc value reflects parsimony of the model while penalizing the inclusion of 
additional variables.  Only candidate models with a ΔAICc ≤ 2 were included in the 
confidence set to ensure that the confidence set contained models that were nearly as 
parsimonious as one another (Burnham and Anderson 2002).  Model averaged coefficients 
and 95% confidence intervals were then calculated from the confidence sets of competing 
models to determine which factors significantly contributed to the prediction of Topeka 
shiner occurrence.  Model fit was evaluated using McFadden’s (1974) pseudo r2.   Three 
models were constructed to determine habitat and biological associations of Topeka shiners: 
a combined model (using both stream and off-channel sites), a stream model, and an off-
channel model. 
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 A combined model of associations among both site types (stream and off-channel) 
was developed because some associations could exist that were independent of habitat type.  
There is evidence that Topeka shiners are associated with Lepomis spp. in both stream 
(Minckley and Cross 1950; Stark et al. 2002) and off-channel habitats (Thomson and Berry 
2009).  Similarly, fathead minnow Pimephales promelas are often associated with Topeka 
shiners in streams (Minckley and Cross 1959; Winston 2002) and off-channel habitats 
(Thomson and Berry 2009), and presence of piscivorous fishes is thought to have a negative 
influence on Topeka shiner populations (Schrank et al. 2001; Mammoliti 2002).  Juvenile 
Topeka shiners use submerged vegetation (Kerns and Bonneau 2002) which was present in 
streams and off-channel habitats in our study area.  Thus, fathead minnow CPUE, sunfish 
CPUE, piscivore CPUE, and percent submerged vegetation were used to create a set of 
candidate models for the combined model. 
Because stream and off-channel habitats differ greatly in physical characteristics 
(e.g., substrate composition, water velocity, channel morphology), we included additional 
variables that may be associated with Topeka shiner occurrence in those different habitats.  
In stream habitats, Topeka shiner occurrence is often associated with habitat characteristics 
such as coarse substrates (Wall and Berry 2006), banks with substantial vegetation (Bayless 
2003), and stream vegetation cover (Kerns and Bonneau 2002).   In off-channel habitats in 
South Dakota, Thomson and Berry (2009) suggested that water depth influences the 
occurrence and abundance of Topeka shiners.  We included submerged vegetation as well as 
mean depth in the off-channel model.  All biotic variables included in the combined model 
were also included in the separate stream and off-channel models. 
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Results 
 
A total of 94 sites, representing 67 stream and 27 off-channel sites, was sampled in 
2010 and 2011.  We encountered 59 fish species and identified 68,177 individual fish.  
Topeka shiners were detected in 6 stream and 14 off-channel sites (Figure 2) and ranked 24th 
in abundance with a total of 790 individual fish sampled.  Topeka shiners were sampled in 6 
out of 22 HUC 10 watersheds where they occurred historically.  East Buttrick, West Buttrick, 
Hardin, Cedar, and Purgatory creeks in the North Raccoon River basin, and Eagle Creek in 
the Boone River basin had at least one site where Topeka shiners were detected.  Topeka 
shiners were not detected in any watershed where they have not been detected within the last 
twenty years.  We failed to detect Topeka shiners in many of the watersheds where they had 
been previously documented, as reflected by their “at risk” status (Table 1).  Topeka shiners 
in our study were only detected in watersheds where they were detected in 1997 to 2000.  
The spatial difference in Topeka shiner detections between the Menzel and Clark study 
(2002) and our study suggests a recent decline in its distribution (Figure 3).    
 The MCM did not predict Topeka shiner occurrence accurately for sites in our study.  
The Cohen’s kappa value for the Menzel and Clark (2002) model was 0.19, indicating 
relatively poor model performance.  The model correctly classified 59% of the sites in our 
study, and was more successful at predicting presences (sensitivity = 0.8) than absences 
(specificity = 0.51).   
Fish assemblages and Topeka shiner occurrence in stream and off-channel sites were 
characterized using NMDS ordination (Figure 4).  Assemblage structure is shown in two 
dimensions with a stress value of 0.18, indicating a fair match between the pairwise 
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assemblage distances and those distances in the ordination space (r2 = 0.86).  Although a 3-
dimensional ordination had a stress of 0.13, the general patterns did not differ from the more 
interpretable 2-dimensional representation.  Significant differences were detected in fish 
assemblages between stream and off-channel sites (ADONIS:  P < 0.001).  No differences in 
fish assemblages between sites where Topeka shiner were present and absent were detected 
after adjusting for site type (ADONIS: P > 0.49).   A contour surface indicating species 
richness isobars was added to the ordination, indicating that differences in assemblages were 
partially attributed to the number of species at each site.  Mean species richness was 
significantly lower in off-channel sites than in stream sites (two sample t test: t = 5.89 , df = 
62.89 , P < 0.001).   
Another NMDS ordination (stress = 0.17, r2 = 0.90) was created to characterize fish 
assemblages at stream sites (Figure 5).  Fish assemblages in stream sites that contained 
Topeka shiners were not significantly different from those that did not contain Topeka 
shiners (ADONIS: P = 0.75).  Several habitat variables (Table 1) were significantly 
correlated with the NMDS scores and indicated habitat gradients, but Topeka shiner 
occurrence did not differ along those gradients.  Fish assemblages at off-channel sites were 
also characterized using NMDS ordination (Figure 6).  This ordination reflects the true 
pairwise distance between assemblages relatively well (stress = 0.14, r2 = 0.94).  Fish 
assemblages at sites with Topeka shiners differed significantly from sites without Topeka 
shiners (ADONIS: P = 0.03).  Assemblages that included Topeka shiners also contained 
more lentic species (e.g., fathead minnow, largemouth bass, common carp Cyprinus carpio) 
than assemblages without Topeka shiners.  The only habitat vectors (Table 1) that were 
significantly correlated with NMDS scores were mean canopy cover, proportion of site with 
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no visible disturbance, and percent coarse gravel substrate.  Decreasing scores on the y-axis 
indicated an increase in forested area and reduced land use disturbance.  Topeka shiner sites 
tended to be in the less forested areas that had some level of disturbance (i.e., pasture, row 
crop, road).  Topeka shiners also tended to occur in off-channel sites with less coarse 
substrate that sites without Topeka shiners. 
Important habitat and biotic variables (Table 2) were used to create sets of candidate 
logistic regression models.  Confidence model sets for combined, stream, and off-channel 
models contained one, seven, and four candidate models, respectively (Table 3).  The 
combined model (i.e., stream and off-channel sites) contained only one model in its 
confidence model set.  All competing models in the combined model had a ΔAICc >2 
indicating that no candidate model was nearly as parsimonious as the top model.  Fathead 
minnow CPUE appeared in the top five candidate models, while percent submerged 
vegetation and sunfish CPUE only appeared in three of the five.  The stream model had 
seven candidate models in the confidence model set.  Each confidence model was similarly 
parsimonious and no single variable was common to all.  The off-channel model had four 
candidate models in its confidence set (Table 3).  The top model containing only fathead 
minnow CPUE had a larger Akaike weight than the other three models.  Fathead minnow 
CPUE was in all of the confidence models for off-channel sites.  
Model averaged parameter estimates, standard errors, 95% confidence intervals, and 
relative weights were calculated from each confidence model set (Table 4).  The combined 
model (pseudo r2 = 0.21) contained two variables with parameter estimates significantly 
different from zero.  Both submerged vegetation and fathead minnow CPUE parameters were 
greater than zero, although the size of the coefficients was relatively small.  Sunfish CPUE 
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was not a significant predictor of Topeka shiner occurrence in the combined model.  The 
stream model (pseudo r2 = 0.001) contained no parameter estimates significantly different 
from zero.  Similarly, the off-channel model (pseudo r2 = 0.13) contained no parameter 
estimates significantly different from zero.   
 
Discussion 
 
The pattern of Topeka shiner distribution in our study indicates that their abundance 
may be declining in several watersheds where they had been documented only a decade 
earlier by Menzel and Clark (2002).  However, Topeka shiners typically occur in low 
densities and it is possible that we failed to detect them at some sites where they were 
present.  Ommission error could lead to an underestimation of abundance, but we assumed 
that the Menzel and Clark study (2002) had similar error.   It should also be noted that 
Menzel and Clark (2002) sampled more sites than our study, which could have increased 
their overall probability of detecting Topeka shiners in a watershed.  However, our sampling 
efficiency was likely higher since our stream sites were electrofished and seined, while 
Menzel and Clark only seined.  Topeka shiners in our study were detected using both gear 
types, indicating that the previous study could have failed to detect Topeka shiners by using 
only one gear type.  Past Topeka shiner watersheds were also sampled more intensely than 
other watersheds to improve our confidence that a decline was likely in areas determined to 
be at risk.  For example, Indian Creek and Lake Creek watersheds in the western part of the 
North Raccoon River basin historically contained Topeka shiners.  We sampled previous 
Topeka shiner sites and elsewhere within those watersheds and concluded that these areas 
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could be experiencing declines in abundance or distribution.  In the Boone River basin, 
Topeka shiners were only detected in the Eagle Creek watershed.  This smaller fragment of 
the population in the Boone River basin could have a higher risk of local extirpation due to 
its size and isolation from the North Raccoon River basin (Lawton 1993).  Topeka shiner 
populations found in only one watershed within a basin, such Eagle Creek in the Boone River 
basin, may be more susceptible to fish kills caused by point source pollution.  From 1995 to 
2011, 202 major fish kills (>1000 fish) occurred in streams throughout Iowa (IDNR 2012).  
Increasing the abundance and expanding the distribution of Topeka shiners to other 
watersheds in the Boone River basin could ensure their persistence in that area.  
Although we found no expansion of Topeka shiner range at the HUC10 level, we 
detected them farther upstream than they have been previously documented in Iowa.  Topeka 
shiners were detected in small headwater streams of Cedar Creek and Hardin Creek in the 
North Raccoon River basin.  In the second year of sampling, these sites were completely dry, 
suggesting that they are somewhat ephemeral habitats.  This provides further evidence that 
Topeka shiners are adapted to drought conditions and capable of recolonizing small streams 
once flows return.  Others have shown that Topeka shiner range has become more restricted 
to headwaters of the watersheds they were once widely distributed in (Winston 2002; 
Thomson et al. 2005), but we detected Topeka shiners in both the upper and lower reaches of 
streams in Iowa.   
The habitat associations identified in this study provide novel information about the 
biology and life history of Topeka shiner which can be used to guide restoration, 
reintroduction, and other recovery efforts.  Our formal modeling identified some possible 
habitat associations between Topeka shiners and their biotic and abiotic environment.  An 
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increase in fathead minnow CPUE was associated with occurrence of Topeka shiners in the 
combined model.  Fathead minnow CPUE was also present in many of the top candidate 
models in all three (combined, stream, and off-channel) models.  Others have shown that 
fathead minnows commonly occur with Topeka shiners in other states (Minckley et al. 1959; 
Thomson and Berry 2009; Winston 2002), but none have documented this in west-central 
Iowa.  One explanation for this association could be that fathead minnows and Topeka 
shiners have similar physiological tolerances.  For example, fathead minnows and Topeka 
shiners can survive in drought conditions (Minckley et al. 1959) that other species cannot 
tolerate.  Fathead minnows might also act as a predation buffer to Topeka shiner.  When a 
prey species becomes rare, predators may seek prey species that are more abundant 
(Murdoch 1969).  In warm, oxygen-limited habitats, as found during dry years and in off-
channel habitats, fathead minnows are one of the few species that could provide a predation 
buffer for Topeka shiners.  It is known that Topeka shiners are nest associates of 
orangespotted sunfish and green sunfish (Pflieger 1997; Stark 2002), but little is known about 
symbioses with fathead minnows.  One study documented Topeka shiners establishing 
territories on the periphery of fathead minnow nests (Stark et al. 2002), suggesting Topeka 
shiners may be “nest associates” of fathead minnows in addition to green sunfish and 
orangespotted sunfish.  They also observed groups of Topeka shiners overwhelming nest-
guarding male fathead minnows and feeding, presumably, on fathead minnow eggs.  Since 
Topeka shiner spawn slightly later than fathead minnows, feeding on nutrient rich eggs could 
enhance improve female Topeka shiner condition prior to spawning (Belles-Isles and 
Fitzgerald 1993).  Our study identified an association between fathead minnows and Topeka 
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shiners, but to identify the mechanism underlying the association would require further 
research. 
The previously documented positive associations between Topeka shiner and green 
sunfish and orangespotted sunfish was not apparent in our study.   All sites (stream and off-
channel) that supported Topeka shiner also included either green sunfish or orangespotted 
sunfish.  Green sunfish and orangespotted sunfish CPUE was not a significant predictor of 
Topeka shiner occurrence, likely because of their ubiquity throughout the study area.  On two 
occasions we sampled spawning Topeka shiners near sunfish in stream sites.  Although green 
sunfish grow larger and are more aggressive than other sunfishes (Werner and Hall 1977), 
these differences seem to have little effect on Topeka shiner reproduction or persistence.  In 
off-channel sites, we documented Topeka shiner reproduction in habitats primarily 
dominated by orangespotted sunfish, but others included green sunfish.  Topeka shiners may 
be nest associates of green sunfish and orangespotted sunfish in Iowa, but our study does not 
provide definitive evidence supporting this. 
Negative association between Topeka shiner and piscivorous fishes (e.g., largemouth 
bass) has been documented in the Flint Hills of northeastern Kansas, due mainly to the 
occurrence of stream impoundments that create ideal habitats for piscivores (Schrank et al. 
2001; Mammoliti 2002).  In contrast, largemouth bass and other piscivorous fishes were 
often sympatric with Topeka shiners in our study.  This discrepancy could be explained by 
differences in habitat between the Flint Hills of Kansas and the Des Moines Lobe of Iowa.  
Streams in the Flint Hills are surrounded by native grasslands, are less eroded, and are 
relatively clear.  In the Des Moines Lobe, streams and off-channel habitats are surrounded by 
cropland or pasture, are considerably eroded, and often highly turbid.  It is known that 
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turbidity can affect foraging efficiency of largemouth bass (Shoup and Wahl 2009) and other 
piscivores (Turesson and Bronmark 2007).  It is quite possible that visual predators are much 
more efficient at capturing Topeka shiners in the clear streams and impoundments of Kansas, 
and less efficient in turbid conditions that characterize habitats in Iowa.   
Biotic associations can occur with individual species, such as fathead minnows, but 
also with fish assemblages.  Since Topeka shiners were more common in off-channel 
habitats, their fish assemblages could be associated with Topeka shiner occurrence.  Off-
channel habitats in our study were inhabited more commonly with lentic species such as 
common carp Cyprinus carpio, largemouth bass, black bullhead Ameiurus melas, green 
sunfish, and orangespotted sunfish.  Other species such as fathead minnow, brassy minnow 
Hybognathus hankinsoni, and Topeka shiner also occurred at higher densities in off-channel 
habitats.  These three species are tolerant of high water temperatures and low dissolved 
oxygen, conditions which are characteristic of disconnected off-channel habitats (Brungs 
1971a; Brungs 1971b; Copes 1975; Koehle and Adelman 2007).  Many lotic species, such as 
bigmouth shiners Notropis dorsalis and central stonerollers Campostoma anomalum (Pflieger 
1997), were represented in off-channel habitats but at lower abundance than in streams.  
Fishes only have the opportunity to enter these off-channel habitats during flood events that 
offer a connection with the main channel of the stream.  Thus, the presence and abundance of 
lotic specialists in off-channel habitats could be a function of time since a flooding event 
occurred.  Others have shown that varying levels of connectivity with the main channel can 
structure fish assemblages in large oxbows (Miranda 2005; Dembkowski and Miranda 2011; 
Zeug et al. 2005).  Similar findings in small off-channel habitats of wadeable streams are 
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lacking.  Further research is needed to understand the mechanisms that underlie differences 
in fish assemblage structure between off-channel habitats and smaller stream systems. 
Within off-channel sites, Topeka shiner occurrence was associated with different fish 
assemblages.  Not only did lentic species tend to occur more often in off-channel sites, but 
they also occurred more often with Topeka shiner than without them.  On the other hand, 
Topeka shiners were less often detected with fish assemblages containing more lotic species 
(e.g., bigmouth shiner, sand shiner Notropis stramineus, common shiner Luxilus cornutus, 
highfin carpsucker Carpoides velifer).  Lotic specialists that require flowing water and higher 
dissolved oxygen could enter an oxbow during a flood event.  After flood waters recede, 
however, these species may perish as conditions become more lentic (Halyk and Balon 
1983).  Priority effects are known to structure fish assemblages in other aquatic systems 
(Almany 2003) and could explain Topeka shiner persistence in recently flooded off-channel 
habitats.  Since flooding events were not identified, initial fish assemblages could not be 
investigated in our study.  
Topeka shiner occurrence is not only related to the occurrence of other fishes, but 
also to habitat features.  Our results indicate a positive relationship between Topeka shiner 
occurrence and submerged vegetation.  Juvenile fish of many species are known to use 
submerged vegetation as nursery habitat (Lobb and Orth 1991; Venugopal and Winfield 
1993).  In fact, Kerns and Bonneau (2002) observed juvenile Topeka shiners congregating in 
areas with submerged vegetation in the shallow margins of pool habitats.  The type of 
vegetation found in streams was slightly different than that of off-channel sites in our study.  
In streams, most of the submerged vegetation consisted of submerged terrestrial bank 
vegetation and a lesser amount of aquatic macrophytes.  Submerged vegetation in off-
25
channel habitats consisted primarily of aquatic macrophytes but with small contributions of 
flooded terrestrial vegetation.  Since livestock grazing is very common along wadeable 
streams in Iowa, measures to reduce overgrazing along stream banks could improve Topeka 
shiner habitat, though Wall and others (2004) suggest that Topeka shiners can survive in 
streams that experience “moderate” grazing.  Increasing or maintaining aquatic vegetation in 
streams and off-channel habitats may not only be beneficial to Topeka shiners, but to other 
fish species that may use those areas as rearing habitats. 
Our results suggest a positive association between Topeka shiner and off-channel 
habitats.  Although this phenomenon has been noted by others (Minckley and Cross 1959; 
Hatch 2001), there are no clear hypotheses as to why Topeka shiners were more common in 
off-channel habitats of west-central Iowa.  One possibility is that off-channel habitats 
represent a considerable proportion of their total habitat use and, thus, could be considered a 
floodplain-exploitative species (Ross and Baker 1983).  Topeka shiners can also tolerate low 
levels of dissolved oxygen and high water temperatures (Koehle and Adelman 2007), which 
are conditions typical of shallow, unconnected off-channel habitats.  Topeka shiners are also 
known to persist during droughts when streams are reduced to a series of deep pools with 
little or no surface flow (Minckley and Cross 1959).  Since off-channel habitats are similar to 
pool habitats during droughts, Topeka shiners are likely adapted to conditions typical of off-
channel habitats.  Topeka shiner can not only survive in off-channel habitats, but 
reproduction was documented at two off-channel sites during our study and by others 
(Thomson et al. 2005).  This research provides further evidence that off-channel habitats are 
an important component of Topeka shiner life history. 
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Higher sampling efficiency might also explain why Topeka shiners were more often 
detected in off-channel habitats than in streams.  Many of the stream sites had undercut 
banks, dense bank vegetation, and stream cover that likely made sampling less efficient than 
in the physically homogenous off-channel habitats.  Topeka shiners are typically rare in sites 
where they are detected so it is likely that this species was present but not detected in some 
stream sites.  Since this species is considered a prairie stream fish (Pflieger 1997), sampling 
efforts targeting Topeka shiners has generally occurred solely in streams (Bayless et al. 
2003).  Topeka shiners often use (Thomson and Berry 2009) and are easily detected in off-
channel habitats, so future research should incorporate these habitats whenever possible. 
Although others have suggested that off-channel habitat depth is associated with 
Topeka shiner occurrence and abundance (Thomson and Berry 2009), we did not find this in 
our study.  Eight of the fourteen off-channel habitats that contained Topeka shiners were 
relatively shallow (mean depth < 0.5 m).  Juvenile Topeka shiners were also abundant in one 
shallow off-channel habitat, suggesting that reproduction is possible is such habitats.  Robb 
(2002) suggested that fathead minnow could persist by seeking shallow areas in a pond 
where predators with lower physiological tolerances could not survive.  Since Topeka shiners 
are similarly tolerant to low dissolved oxygen and high water temperatures, they too could 
physiologically exclude predators and even competitors.   
Shallow off-channel habitats may be suitable for Topeka shiners, but they can also be 
ephemeral.  During dry years, shallow habitats containing Topeka shiners could dry 
completely and be sinks to the overall population.  Similarly, shallow off-channel habitats are 
more likely to freeze solid during the winter than deeper habitats, again becoming sinks 
(Pulliam 1988) to the Topeka shiner population.  The only way successful reproduction in 
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shallow off-channel habitats can contribute to the overall population is through late season 
flooding events that allow juvenile Topeka shiners to disperse.  Restored or naturally deep 
off-channel habitats may be able to support more predators and competitors, but they are also 
less susceptible to drying during drought years.  Deep off-channel habitats are less likely to 
completely freeze, allowing Topeka shiners to survive through winter.  Although Thomson 
and others (2005) suggest that deep and frequently flooded habitats may be ideal for Topeka 
shiners, the tradeoffs between varying depths and flood frequencies should be further 
investigated to better guide off-channel habitat restoration. 
Given their affinity for off-channel habitats, availability of these habitats could be a 
factor that limits the Topeka shiner population in Iowa.  Only 5% of Iowa’s original wetlands 
currently exist (Bishop 1981), including off-channel habitats such as natural oxbows.  In 
eastern South Dakota there are nearly 56,000 livestock ponds constructed near or in streams 
(Johnson and Higgins 1997).  This large number of off-channel habitats could be one reason 
why Topeka shiner populations are relatively stable in South Dakota.  One reason why these 
habitats are so rare in Iowa is because they were drained and converted to row crop 
production or pasture (Best et al. 1978).  Natural formation of off-channel habitats has also 
decreased due to the channelization and bank armoring that limits lateral movement of 
stream channels.  Channel incision due to channelization lowers the channel bed (Shields et 
al. 1994), preventing floodwaters from reaching the floodplain where suitable off-channel 
habitats may exist.  Since these habitats have become increasingly rare, off-channel habitat 
restoration could play an important role in the recovery of Topeka shiners in Iowa.  In fact, 
several of the restored off-channel habitats in our study contained Topeka shiners and two 
contained indications of successful reproduction.   This evidence suggests that continued 
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restoration of off-channel habitats may increase the likelihood of Topeka shiner recovery in 
Iowa. 
Although the distribution and abundance of Topeka shiners does not appear to be 
increasing, we are beginning to understand some of the physical and biological needs of this 
imperiled fish.  Without such knowledge, costly efforts aimed at Topeka shiner conservation 
could provide little return.  However, identifying associations should only be the first step in 
understanding Topeka shiner biology and life history.  Identifying the underlying 
mechanisms behind biotic and abiotic associations could provide us with valuable 
information that can be applied to Topeka shiner conservation.  For example, identifying the 
nature of the relationship of Topeka shiners and fathead minnows could help guide recovery 
efforts.  For example, fathead minnow presence might only identify suitable habitats for 
Topeka shiner reintroduction.  However, if there is a symbiotic relationship between the two 
species, off-channel habitat restorations could include the stocking of known symbionts.   
 Restoration of off-channel habitats may be an important part of Topeka shiner 
recovery in Iowa, but little is known about how they and other fishes use them throughout the 
season or from year to year.  Depth, flood frequency, and habitat factors such as submerged 
vegetation should be further investigated to determine the ideal conditions for Topeka shiner 
in off-channel habitats.  Managers must often make decisions about imperiled species 
recovery based on limited or incomplete information.  Since little is known about the role of 
off-channel habitats in Topeka shiner populations, there is a possibility that some restorations 
could have limited positive or even negative effects on Topeka shiners.  However, inaction is 
a management decision that would likely lead to the continued decline of this species in 
Iowa. Although there is some evidence indicating their importance to Topeka shiners in 
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Iowa, all off-channel habitat restorations should be monitored and evaluated to guide future 
restoration work.  Such an adaptive management technique would improve the chances of 
Topeka shiner recovery and improve our understanding of these understudied aquatic 
systems. 
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Tables
Table 1.  Historic (IAGFA 2005), Menzel and Clark (2002) study (1997-2000), and current (2010-
2011) Topeka shiner detections in ten-digit (HUC10) and eight-digit (HUC8) hydrological units.  
Topeka shiner status for each HUC10 was determined to be stable (detected during 1997 to 2000 and 
during 2010 to 2011), at risk (detected during 1997 to 2000 and not detected during 2010 to 2011), or 
possibly extirpated (not detected during 1997 to 2000 or during 2010 to 2011).  Percent decline is the 
proportion of the number HUC10s where Topeka shiners were not detected to the total number of 
HUC10s in their historic range. 
HUC10 HUC8 Topeka shiners detected Status 
  Historic 1997-2000 
2010-
2011  
Headwaters North Raccoon Yes No No Possibly extirpated 
Cedar Creek - Upper 
North Raccoon  Yes No No Possibly extirpated 
Camp Creek  Yes Yes No At risk 
Indian Creek  Yes Yes No At risk 
Upper North Raccoon 
River  Yes Yes No At risk 
Lake Creek  Yes Yes No At risk 
Purgatory Creek  Yes Yes Yesa Stable 
Cedar Creek - Middle 
North Raccoon  Yes Yes Yes Stable 
Middle North 
Raccoon River  Yes Yes No At risk 
Hardin Creek  Yes Yes Yesa Stable 
Buttrick Creek  Yes Yes Yesa Stable 
East Buttrick Creek  Yes Yes Yes Stable 
Lower North Raccoon 
River  Yes Yes No At risk 
Lower Boone River Boone Yes Yes No At risk 
Middle Boone River  Yes Yes No At risk 
White Fox Creek  Yes No No Possibly extirpated 
Eagle Creek  Yes Yes Yesa Stable 
Otter Creek  Yes No No Possibly extirpated 
Prairie Creek  Yes Yes No At risk 
Bluff Creek 
Upper Des 
Moines Yes No No Possibly extirpated 
Brushy Creek  Yes Yes No At risk 
East Branch Iowa 
River Upper Iowa Yes No No Possibly extirpated 
      
Percent decline   27% 73%  
      
aEvidence of reproduction noted during sampling – presence of young-of-year Topeka shiner 
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Table 3.  Confidence models selected (ΔAICc less than 2) from the combined, stream and off-channel 
candidate set of a priori logistic regression models as determined by Akaike’s information criterion 
for small sample size (AICc) ranking.  Also included are the number of parameters in each model (k) 
and the Akaike’s weight (wi). 
Confidence models k AICc ΔAICc wi
                                        Combined Model     
     
VegCover, FHMinnow, Sunfish 4 84.9 0.00 0.46 
     
                                        Stream model     
     
Coarse, VegCover 3 45.67 0.00 0.17 
FHMinnow, Sunfish 3 46.24 0.58 0.13 
VegCover, Piscivore 3 46.31 0.64 0.12 
VegCover, Sunfish 3 46.31 0.64 0.12 
VegCover, FHMinnow 3 46.40 0.73 0.12 
Coarse, FHMinnow, Sunfish 4 47.35 1.68 0.07 
Coarse, VegCover, VegBank 4 47.36 1.69 0.07 
     
                                        Off-channel model     
     
FHMinnow 2 37.64 0.00 0.20 
Depth, FHMinnow 3 38.83 1.19 0.11 
FHMinnow, Pisc 3 38.90 1.25 0.11 
VegCover, FHMinnow 3 39.50 1.85 0.08 
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Table 4.  Model averaged coefficient estimates, standard error, 95% confidence intervals, and 
relative weights for the combined, instream, and off-channel models. 
Model parameters Estimate SE 95%CI Relative weight 
                                        Combined Model      
VegCovera 0.031 0.015 0.002 .059 1.00 
FHMinnowa 0.041 0.012 0.003 0.080 1.00 
Sunfish 0.049 0.036 -0.075 0.172 1.00 
      
                                        Stream model      
      
Coarse 0.018 0.021 -0.024 0.061 0.39 
VegBank 0.016 0.029 -0.043 0.075 0.09 
VegCover 0.0001 0.043 -0.085 0.086 0.75 
FHMinnow 0.018 0.065 -0.112 0.149 0.39 
Piscivore -0.690 2.337 -5.358 3.978 0.15 
Sunfish -0.093 0.286 -0.664 0.178 0.40 
      
                                        Off-channel model      
      
Depth -1.990 1.887 -5.884 1.905 0.22 
VegCover 0.014 0.018 -0.022 0.051 0.16 
FHMinnow 0.030 0.023 -0.017 0.077 1.00 
Sunfish 0.023 0.025 -0.029 0.075 0.22 
      
a Coefficients significantly different from zero 
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Figure 2.  Frequency of the stream and off-channel sites where Topeka shiner were and 
were not detected.  Numbers of sites where Topeka shiners were and were not detected 
are shown above the bars. 
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Figure 4.  NMDS ordination of fish assemblages in stream (circles) and off-channel 
sites (triangles) combined.  Grey symbols represent sites where Topeka shiner were not 
detected and black sites represent those where Topeka shiner were present.  Isobars 
represent the differing levels of species richness among all sites. 
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Figure 5.  NMDS ordination of fish assemblages in stream sites.  Grey symbols 
represent sites where Topeka shiner were not detected and black sites represent those 
where Topeka shiner were present. 
49
  
 
 
 
 
-1 0 1 2
-2
.0
-1
.5
-1
.0
-0
.5
0.
0
0.
5
1.
0
1.
5
Off-channel NMDS1
O
ff-
ch
an
ne
l N
M
D
S
2
TS Present
TS Absent
DistAbsent
Canopy
CoarseGravel
Figure 6.  NMDS ordination of fish assemblages in off-channel sites.  Grey symbols 
represent sites where Topeka shiner were not detected and black sites represent those 
where Topeka shiner were present. 
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CHAPTER 3.  GENERAL CONCLUSIONS 
 
The preceding chapter provided identified distributional trends and habitat 
associations of Topeka shiner in west-central Iowa.  Novel information about Topeka shiner 
biology and life history can be used to guide recovery efforts, but specific management 
suggestions were not included in Chapter 2 due to their more speculative nature.  This 
chapter includes suggestions and recommendations that may be useful to managers involved 
with Topeka shiner recovery and off-channel habitat restoration in Iowa.  
Encouraging the growth of aquatic macrophytes in off-channel habitats may improve 
the chances of Topeka shiner persistence in off-channel restorations. Submerged vegetation 
cannot become established if an off-channel habitat is excessively turbid.  Restored habitats 
that receive water from drainage tiles might provide a better environment for macrophyte 
growth and possibly improve overwinter survival of Topeka shiners.  Water from drainage 
tiles is typically less turbid than water entering an off-channel habitat from overland flow.  
This could increase the depth of the photic zone and encourage macrophyte growth.  Water 
from drainage tiles could buffer water temperatures in off-channel habitats.  Although 
Topeka shiners can survive very warm water temperatures in the summer, tile water could 
prevent the off-channel habitat from completely freezing during the winter. 
 Another way to encourage macrophyte growth would be to include shallow areas in 
off-channel restorations.  Maintaining shallow areas may be challenging since water levels 
can frequently change in these dynamic habitats.  However, gradual slopes along some part 
of the restoration could provide quality macrophyte habitat in high and low water conditions.  
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Deep areas may be important for overwinter survival, but shallow areas should also be 
considered when designing off-channel restorations. 
Off-channel habitat restoration is costly, so managers should target areas for 
restoration that have the best return on investment.  Restoration or conservation area 
placement has been debated for years in the academic community (e.g., single large or 
several small [SLOSS] debate).  One approach to prioritization would be to restore several 
habitats that are within close proximity to each other, creating areas of higher Topeka shiner 
density.  Increasing the density of Topeka shiners in Cedar Creek, for example, could 
decrease the likelihood of local extirpations by providing a significant source for the 
recolonization of nearby stream and off-channel habitats.  On the other hand, targeting areas 
that are at higher risk of extirpation could be beneficial to Topeka shiners.  If Topeka shiners 
are limited to only a few areas of high concentration, a change in local conditions (point 
source pollution, localized drought) could negatively impact the entire population.  Buttrick 
and Cedar Creeks seem to have relatively stable levels of Topeka shiner, but Purgatory and 
Eagle Creek could be areas that are most likely to lose Topeka shiners first.  Restoration 
efforts should be considered in these areas as well.  It is important to note that Hardin Creek 
(located between Buttrick and Cedar Creeks) has a substantial amount of Topeka shiners, but 
no restoration has occurred in this watershed.  As natural oxbows disappear in this area, off-
channel habitat restorations could become increasingly important here. 
 As suggested in Chapter 2, off-channel habitats and their associated streams should 
be monitored as often as possible.  Off-channel habitat restorations have only recently been 
used to improve fish habitat, so there is little information to guide these projects.  However, 
wetland restorations to improve water quality and waterfowl habitat are quite common.  
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Perhaps wetland restoration protocols could be used to guide off-channel habitat restorations 
in Iowa.  Nevertheless, post-restoration monitoring will be the only way to evaluate 
restoration effectiveness.  Although monitoring requires the use of scarce monetary 
resources, it will provide information that can be used to increase the success of future 
Topeka shiner recovery efforts.   
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APPENDIX A.  TOTAL NUMBER OF TOPEKA SHINER DETECTED AT SITES IN WEST-
CENTRAL IOWA IN 2010 TO 2011.  DATE OF THE SAMPLE, STREAM NAME, SITE TYPE 
(STREAM AND OFF-CHANNEL) AND THE PRESENCE OF OFF-CHANNEL 
RESTORATION 
Date Stream name County Site Type # Topeka shiners Restoration 
      
5/17/10 Hardin Creek Greene Off-channel 6  
5/17/10 Hardin Creek Greene Off-channel 8  
5/24/10 North Raccoon River 
Buena 
Vista Off-channel   
5/25/10 North Raccoon River Sac Off-channel  Y 
5/27/10 East Buttrick Creek Greene Off-channel   
5/27/10 East Buttrick Creek Greene Stream   
5/28/10 West Buttrick Creek Greene Off-channel 139 Y 
6/1/10 Lake Creek Calhoun Off-channel   
6/1/10 Lake Creek Tributary Calhoun Stream   
6/4/10 Cedar Creek Calhoun Off-channel 37 Y 
6/9/10 Lake Creek Calhoun Off-channel  Y 
6/9/10 Lake Creek Calhoun Off-channel  Y 
6/11/10 Purgatory Creek Calhoun Off-channel 11  
7/2/10 East Buttrick Creek Webster Stream   
7/6/10 Cedar Creek Calhoun Off-channel 26  
7/8/10 East Cedar Creek Calhoun Off-channel 3  
7/8/10 East Cedar Creek Calhoun Off-channel 26  
7/8/10 East Cedar Creek Tributary Calhoun Stream   
7/9/10 Lost Branch Creek Greene Stream   
7/9/10 Cedar Creek Greene Off-channel  Y 
7/12/10 Boone River tributary Hamilton Stream   
7/13/10 Pauper's Gulch Greene Stream   
7/14/10 East Hardin Creek Greene Stream 5  
7/15/10 Hardin Creek Greene Off-channel   
7/15/10 Prairie Creek Calhoun Stream   
7/21/10 North Raccoon River Dallas Off-channel   
7/27/10 Hardin Creek Greene Off-channel 3  
7/27/10 Hardin Creek Greene Off-channel   
7/28/10 West Buttrick Creek Greene Off-channel 14 Y 
7/29/10 Reading Creek Greene Stream   
8/3/10 Eagle Creek Hamilton Off-channel 4  
8/10/10 Prairie Creek Humboldt Off-channel   
8/16/10 Boone Tributary Wright Stream   
8/17/10 White Fox Creek tributary Wright Stream   
8/18/10 Eagle Creek Wright Off-channel 14  
8/19/10 West Buttrick Creek Webster Off-channel 143  
8/20/10 Eagle Creek Wright Stream   
8/27/10 Hardin Creek Webster Stream 2  
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Appendix A. continued 
5/12/11 North Raccon tributary Greene Stream   
5/13/11 Skillet Creek Webster Stream   
5/16/11 Elm Branch Dallas Stream   
5/17/11 North Raccoon tributary Greene Stream   
5/18/11 Lyon Creek tributary Hamilton Stream   
5/19/11 Short Creek Greene Stream   
5/23/11 Purgatory Creek Calhoun Stream   
5/24/11 Buck Run Calhoun Stream   
5/26/11 Brushy Creek Outlet Webster Off-channel   
5/27/11 Camp Creek tributary Calhoun Stream   
5/31/11 Snake Creek Greene Stream   
6/1/11 North Raccoon tributary Sac Stream   
6/3/11 Lost Grove Creek Webster Stream 1  
6/7/11 East Buttrick Creek Greene Stream   
6/8/11 North Raccoon tributary Carroll Stream   
6/8/11 Doe Brook Carroll Stream   
6/9/11 Purgatory Creek Carroll Stream   
6/13/11 Cedar Creek Calhoun Stream 9  
6/14/11 Boone River Hamilton Off-channel   
6/15/11 Boone River tributary Hamilton Stream   
6/20/11 Brewers Creek Hamilton Stream   
6/22/11 Eagle Creek tributary Wright Stream 1  
6/24/11  White Fox Creek tributary Wright Stream   
7/8/11 Eagle Creek tributary Wright Stream 1  
7/11/11 Caton Branch Boone Stream   
7/12/11 Prarie Creek Kossuth Stream   
7/13/11 North Racoon tributary Dallas Stream   
7/15/11 Boone River tributary Sac Stream   
7/15/11 Black Hawk Outlet Sac Stream   
7/15/11 
Black Hawk Lake Outlet 
Creek Sac Stream   
7/24/11 Prairie Creek Kossuth Stream   
7/27/11 West Fork Camp Creek Calhoun Stream   
7/27/11 Camp Creek Calhoun Stream   
7/28/11 Camp Creek Calhoun Stream   
7/28/11 Boone River tributary Wright Stream   
8/1/11 White Fox Creek Wright Stream   
8/3/11 Prairie Creek Calhoun Stream   
8/3/11 West Buttrick Creek Greene Off-channel 194 Y 
8/4/11 White Fox Creek Hamilton Stream   
8/4/11 Iowa River Hancock Stream   
8/8/11 Snake Creek Greene Stream   
8/9/11 Boone River tributary  Hamilton Stream   
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Appendix A. continued 
8/9/11 Buck Creek Hamilton Stream   
8/10/11 Lake Creek Calhoun Stream   
8/10/11 West Fork Camp Creek Calhoun Stream   
8/10/11 Camp Creek Calhoun Stream   
8/11/11 Indian Creek Sac Stream   
8/11/11 North Raccoon tributary Sac Stream   
8/11/11 North Raccoon River Sac Stream   
8/11/11 Cedar Creek Sac Stream   
8/11/11 Elk Run Carroll Stream   
8/12/11 Purgatory Creek Carroll Stream   
8/12/11 North Raccoon River Calhoun Stream   
8/12/11 North Raccoon River Carroll Stream   
8/15/11 North Raccoon River Greene Stream   
8/18/11 Otter Creek Wright Stream   
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